INTRODUCTION
The epidemiology of community-acquired pneumonia (CAP) has undergone significant changes in the past few decades. Patients with CAP present at an increasingly older age and with severe disabilities. Mortality in these patients is usually high, reaching up to 30%. 1 2 As a consequence, CAP 'in the elderly' 3e8 and 'in the very elderly' 9 has attracted considerable interest in the investigation of the disease. In particular, patients living in nursing homes were identified as those with the highest mortality.
1 10e12 Data from the USA indicate an excess of multidrug resistant (MDR) pathogens in patients with chronic healthcare contacts, and patients with 'nursinghome-acquired pneumonia' (NHAP) were included under the concept of 'healthcare-associated pneumonia' (HCAP). 13 14 The HCAP concept has been subject to criticism. Whereas there is no doubt that older patients and those with disabilities have an increased mortality, the main hypothesis that MDR pathogens account for this excess mortality remains unproven. Moreover, leading criteria for HCAP, including severe immunosuppression and recent hospitalisation, remain questionable. Patients with severe immunosuppression form a distinct group and should not be included under the concept of HCAP. Recently hospitalised patients are clearly at risk from MDR pathogens but should be regarded and managed as patients with nosocomial pneumonia. 15 If this
Key messages
What is the key question?
< Nursing-home-acquired pneumonia (NHAP) is associated with considerably higher mortality than community-acquired pneumonia (CAP). < Whether this higher mortality rate is related to different aetiologies including potential multidrug resistant (MDR) pathogens and consequently inadequate initial antimicrobial coverage remains a controversial issue.
What is the bottom line?
< NHAP does not differ from CAP in terms of aetiology and excess mortality is not related to the inadequate treatment of potential MDR pathogens. < Excess mortality results from higher comorbidities and pneumonia frequently being considered and managed as a terminal event of advanced age and poor functional status.
Why read on?
< NHAP is a frequent condition. < Understanding the reasons for excess mortality will allow adequate management of these patients.
rearrangement is accepted, the only remaining core group of HCAP is NHAP. 16 We therefore investigated the clinical characteristics, microbial patterns and outcomes of patients with NHAP included on the large prospective Competence Network for Communityacquired pneumonia (CAPNETZ) database. In particular, we examined the association between aetiology and in-hospital mortality. Recently, we showed that there are fundamental differences in aetiology and outcome in younger patients with CAP compared with those aged $65 years; in fact, it is a completely separate entity. 17 In view of these data, we thought it most appropriate to compare hospitalised patients with CAP or NHAP aged $65 years. This would avoid inflation of differences due to the younger patient population.
METHODS Patients
The methodology of CAPNETZ has been reported elsewhere. 18 Overall, 15 local clinical centres throughout Germany were involved. Prospective patients were those aged $18 years with a pulmonary infiltrate diagnosed by chest x-ray, clinical symptoms of fever, cough, purulent sputum or positive auscultation. Exclusion criteria were age <18 years, acquired or therapeutically induced immune deficiency, active tuberculosis or a possible nosocomial genesis of infection (hospitalisation <4 weeks prior to infection). Cases were reported to the local participating clinical centre via a network of sentinel practices and hospitals.
The study was approved by the central and local ethics committees and written informed consent was obtained from all patients.
Data collection
Demographic, clinical, and diagnostic data were recorded using standardised web-based data sheets. The study period was 90 months from January 2002 to June 2009.
Microbial investigation
The methods applied have been described previously. 18 Briefly, samples obtained included sputum and/or other respiratory secretions, blood cultures, urinary antigen testing for Streptococcus pneumoniae and Legionella pneumophila serogroup 1, serology, and nasal and pharyngeal swabs. Investigations for Mycoplasma pneumoniae were performed as described in a previous report. 19 Investigations for viruses were only carried out until July 2007. All samples were immediately processed in the local participating microbiological laboratories according to the German Quality Standards in Clinical Microbiology and Infectious Diseases. 20 To limit possible bias due to incomplete sampling and limited diagnostic yield of microbial investigation, pathogen frequencies were reported using the following denominators: total population; cases with microbial sampling (including those techniques able to detect the pathogen in question); cases with a pathogen determined.
Susceptibility testing was not generally recorded, with the exception of Staphylococcus aureus. Therefore, all enterobacteriaceae, Pseudomonas aeruginosa and S aureus isolates were considered to be potential MDR pathogens.
CRB-65 score and mortality
The CRB-65 score consists of four variables: confusion, respiratory rate $30/min, systolic blood pressure <90 mm Hg or diastolic blood pressure #60 mm Hg, and age $65 years. One point is given for each parameter present, which results in CRB-65 scores of 0e4. For each patient the CRB-65 score was calculated with patient data assessed at first presentation.
Short-term mortality was defined as death within 30 days of diagnosis and long-term mortality as death within 180 days of diagnosis.
Statistical analysis
Hospitalised patients aged $65 years with CAP were considered to represent the current standard group and were compared with patients aged $65 years with NHAP.
Comparisons between groups were performed by means of the c 2 test for categorical variables and the Student t test for continuous variables (or the non-parametric ManneWhitney U test when data were not normally distributed). All analyses were performed using SPSS software (SPSS 19.0; SPSS Inc., Chicago, IL, USA). All tests of significance were two tailed and a was set at 0.05.
RESULTS

Patient population
Overall, 3087 hospitalised patients aged $65 years were included in our analysis. Of these, 518 had NHAP.
Baseline characteristics
The following characteristics were significantly different: the NHAP group consisted of more women, had lower body mass index and fewer cases of obesity, were less frequent smokers and less frequently on long-term oxygen treatment (table 1). 
Comorbidities
Comorbidity was very common in both groups but even more so in patients with NHAP (97.1% vs 90.2%). Chronic respiratory disease was less frequent whereas congestive heart failure, cerebrovascular diseases, renal diseases and diabetes mellitus were more frequent in patients with NHAP. The largest difference was in patients with cerebrovascular disease (66.1% vs 15.2% for the NHAP and CAP groups, respectively) (table 1).
Physical examination findings
Cough, sputum expectoration and chest pain were less common, whereas confusion, low blood pressure and tachypnoea were more common in the NHAP group compared with the CAP group, indicating more severe pneumonia at presentation (table 2) .
Laboratory investigations
The main differences related to a higher frequency of anaemia and leucocytosis, and to a higher thrombocyte count in the NHAP group. However, mean C-reactive protein (CRP) was lower (table 2).
Gas exchange
Arterial blood gas analysis was performed less frequently in patients with NHAP compared with those with CAP (69.9% vs 78.1%, p<0.001).
Severity at presentation
The time from symptom presentation to hospital attendance was around 2 days less in the NHAP group compared with the CAP group. The proportion of patients classified as CRB-65 3e4 was around threefold higher in the NHAP group. However, the rate of mechanical ventilation was similar (5.0% vs 4.8%) (table 3) .
Microbial aetiology
Diagnostic samples (package 1: blood cultures and urine antigen testing, n¼1938 (80.4%) vs n¼265 (63.5%), p<0.001; package 2: blood cultures and urine antigen testing plus respiratory sample, n¼933 (38.7%) vs n¼49 (11.8%), p<0.001) were retrieved less frequently in the NHAP group compared with the CAP group. The proportion of patients with a diagnostic investigation able to identify a potential MDR pathogen (methicillin-resistant S aureus (MRSA), enterobacteria, P aeruginosa) was significantly lower in the NHAP group (n¼2350 vs n¼382, 91.4% vs 73.7%, p<0.001).
The overall findings for microbial investigation were similar (27.7% vs 29.7%). S pneumoniae was the most frequent pathogen in both groups. Potential MDR pathogens such as enterobacteriaceae, P aeruginosa and S aureus were all very rare (<5% for the total population and for patients with microbial sampling). There were only minor differences in pathogens, with H influenzae and M pneumoniae being less frequent and S aureus more frequent in patients with NHAP. In the NHAP group, 11 of 12 patients with S aureus had central nervous system (CNS) disorders. However, the absolute and relative frequency of S aureus was minimal (n¼12, 2.3% of total population, 3.1% of those with microbial sampling and 10.3% of those with a pathogen determined), and of these, only two cases were MRSA (table 4) .
Antimicrobial treatment
Patients with NHAP received antimicrobial pretreatment less frequently than patients with CAP (14.5% vs 18.9%). Monotherapy was more frequent and combination treatment less frequent in patients with NHAP (22.8% vs 41.8% and 77.2% vs 57.2%). In addition, more patients with NHAP received ß-lactams and fewer received macrolides (91.6% vs 86.9% and 16.6% vs 38.4%) and a change in antimicrobial treatment was 
Outcomes
Short-term mortality was nearly fourfold higher in the NHAP group compared with the CAP group (26.6 vs 7.2%), and longterm mortality nearly threefold higher (43.8% vs 14.6%) (table 5).
Death rates were still very high in patients with NHAP without comorbidities, reaching 23.1% vs 2.6% for short-term mortality and 30.8% vs 6.8% for long-term mortality.
Patients receiving enteral tube feeding (n¼103, 78.6% in the NHAP group) had the highest mortality rates (30.7% short-term and 56% long-term mortality).
Mortality rates according to aetiology in both groups are listed in table 6. Short-term mortality in patients with CAP aged $65 years was between 3.4% and 12.5%, with the highest rates for S aureus, enterobacteriaceae, P aeruginosa and influenza A whereas it was threefold to fourfold higher for all leading pathogens in patients with NHAP. Similar rates were obvious in long-term mortality, with S aureus being associated with an extremely high mortality rate (80%).
DISCUSSION
The most important findings of this study were the following: patients with NHAP presented with more severe pneumonia but received the same frequency of mechanical ventilation and less antimicrobial combination treatment; there were no clinically relevant differences in aetiology and potential MDR pathogens were very rare (<5%); short-term and long-term mortality for NHAP was about fourfold and threefold higher than for CAP in patients aged $65 years, however excess mortality was a general pattern and not related to MDR pathogens.
Our approach to limit the comparison of patients to those aged $65 years is an important methodological decision. In a previous study from the CAPNETZ group comparing patients aged <65 years and $65 years, those with NHAP showed a fourfold increased mortality rate and an increased rate of gramnegative bacillary infections compared with patients living in the community (7.1% vs 3.7%, expressed as rate of pathogens per cases with pathogens identified). 21 This difference, however, is mainly a result of inflation by including a significant number of younger patients. In view of the fundamentally different epidemiology and prognosis of patients <65 years, 18 we argue that the characteristics of NHAP can be assessed more effectively by restricting the comparator to patients with CAP aged $65 years. To avoid the impact of age, patients with NHAP were also restricted to those aged $65 years.
Patients with NHAP were a clinically distinct group compared with those aged $65 years. They had a mean age of over 80 years, more frequently had congestive heart failure, cerebrovascular disease, renal disease and diabetes mellitus, indicating that cardiovascular and neurological morbidity was the primary underlying condition. Although these patients presented more quickly after developing symptoms, initial pneumonia severity was clearly higher according to symptoms at presentation and CRB-65 scoring. Nevertheless, they obviously received less attention and initial antimicrobial treatment was not as intensive: blood gas analysis was performed around 10% less frequently and antimicrobial combination treatment was administered in only half of cases compared with patients without NHAP. In addition, despite higher severity according to CRB-65 scoring and the presence of severe hypotension, mechanical ventilation was not given more frequently. However, short-term and long-term mortality was far higher. All these observations clearly show treatment restrictions due to advanced age and severe disabling conditions in a significant number of patients with NHAP. Unfortunately, we did not record data on 'do not resuscitate' (DNR) orders. However, although DNR orders are one form of treatment restriction, other hidden restrictions (such as 'do not re-evaluate extensively in case of treatment failure', 'do not transfer to ICU [intensive care unit]', 'do not ventilate' etc) are usually not recorded. Therefore, we argue that even recording DNR orders actually underestimates the rate of treatment restrictions. We could not identify clinically relevant differences in aetiologic patterns or a clinically relevant higher frequency of potential MDR pathogens. In addition, mortality rates according to pathogens clearly show that there is a threefold to fourfold higher mortality for NHAP across all leading pathogens. This is strong evidence against the hypothesis that excess mortality is related to inadequate treatment because of potential MDR pathogens not covered by empirical treatment for CAP. Instead, as described by others, MDR pathogens might be associated with severe disablity. 22 Thus, the aetiologic patterns identified do not account for the short-term and long-term excess mortality observed in patients with NHAP.
We found that most cases of pneumonia caused by S aureus had CNS comorbidity, and that S aureus was associated with the highest mortality. This is explained by the known risk for pneumonia through S aureus in patients with CNS disorders, mainly driven by aspiration. 23 24 Thus, a careful individual assessment of risk for specific pathogens is clearly indicated in every patient with NHAP. For long-term mortality, an interesting observation was a lower mean CRP value in patients with NHAP. Lower CRP values have recently been identified as an independent predictor of long-term mortality. This probably reflects failure to mount a sufficient immune response. 25 Our results are in line with two other important European studies. In a British 18-month prospective cohort study of 437 patients admitted to hospital with CAP, 40 (9%) came from nursing homes. Analysis of this small series yielded nearly identical results to our study. Patients with NHAP were less likely to have a productive cough or pleuritic pain but they were more likely to be confused and had more severe disease. Inhospital mortality was extremely high (53% vs 13% in patients with CAP). S pneumoniae was the most common pathogen (55% NHAP, 43% CAP). Atypical pathogens, enterobacteriaceae and S aureus were uncommon. Poor functional status accounted for the increased mortality in NHAP. 11 More recently, a Spanish study including 150 consecutive cases of NHAP over a 10-year period showed clinical characteristics comparable to those with hospital-acquired pneumonia. However, microbial patterns and mortality data of patients with NHAP were more similar to those with CAP. Potential MDR pathogens were rare, accounting for only 7% of pathogens. 12 Two recent studies from Spain and the UK on HCAP confirmed this observation for both NHAP and HCAP. 26 27 Likewise, the main findings of two Canadian studies were very similar, including comorbidity patterns (more CNS disease, fewer smokers and less pulmonary disease), less H influenzae, high mortality, and differences in treatment (less macrolide treatment). 10 Mortality was very high but functional status rather than different pathogen patterns was the main predictor of death. 10 28 There was also clear evidence for treatment restrictions. 28 Some US data indicate a different microbial pattern in patients with NHAP. For example, El Solh et al found 17 of 88 (19%) pathogens of patients with NHAP and severe pneumonia were MDR pathogens 21 ; in another study, the authors found anaerobic organisms more often in patients with NHAP and empyema. 29 However, this seems to reflect a general trend in older people rather than a specific finding in patients with NHAP. Kaplan et al reported extremely high rates of enterobacteriaceae and P aeruginosa in a large population of patients aged $ 65 years.
2 Accordingly, Koleff et al 13 listed exceedingly high rates of MDR pathogens in patients with HCAP (including many with NHAP) but also (to a lesser but still unusually high extent) in patients with CAP. The latter finding in particular casts doubt on the validity of the microbiological investigation in this study. Finally, it could not be shown that adhering to guideline recommendations for treating patients with HCAP improved outcomes compared with those for CAP. 30 31 Taken together, our data and the data reported in the literature so far show that there is no convincing evidence to support generally administering broad spectrum antimicrobial combination treatments comparable to those used for hospitalacquired pneumonia to all patients with NHAP. Instead, the initial antimicrobial coverage may still follow that recommended in CAP guidelines after assessment of specific risk factors for MDR on an individual basis. CNS disorders may particularly be addressed since they predispose people to pneumonia through S aureus. Moreover, in patients with NHAP, one cannot overestimate the importance of continuous careful prognostic estimations and ethical decisions on treatment aims and possible restrictions based primarily on patients' preferences.
The strengths of this study include the multicentre prospective design over 8 years, which to the best of our knowledge is unique in the literature. In addition, our population is one of the largest reported in the literature so far. Nevertheless, some potential limitations must be addressed. First, the proportion of patients with an aetiology identified was low and did not exceed 30%. The proportion of samples from which a MDR pathogen could be identified was significantly lower in patients with HCAP, resulting in potential sampling bias. We tried to overcome this limitation by reporting pathogen patterns according to three different denominators. In particular, the rate of 'pathogens per cases with microbial sampling', reflecting the likelihood of identifying the pathogen, allows us to estimate the true incidence more accurately. This rate did not result in different pathogen patterns. Thus, a systematic bias could only result from a general failure to investigate specific groups of patients at high risk of MDR pathogens not reflected in our general pattern. Although this cannot be categorically excluded in a potentially under-diagnosed population like those with NHAP, it is highly improbable that patients with such severe disabilities would have been subject to every treatment effort. Second, the CAPNETZ population may include too few patients with severe pneumonia. Therefore, the microbial patterns presented here must be viewed with caution when patients with HCAP are treated for severe pneumonia. Third, we did not assess aspiration, which has been described as an important aetiology in patients with NHAP and HCAP. However, the exact implications of aspiration in terms of microbial pathogens remain unresolved. 22 32 Fourth, we did not directly measure functional status. We recorded enteral tube feeding (ETF) as a surrogate, and in fact, 78% of patients with ETF were patients with NHAP and 15.6% of patients with NHAP had ETF. Direct comparisons of mortality with other studies, however, should only be made with caution. Evidently, we ignore the external validity of these data for countries other than Germany. However, no country should regard NHAP as a condition requiring an antimicrobial treatment different from CAP prior to clear evidence that an observed excess mortality is actually related to treatment failures in the presence of potential MDR pathogens. As a note of caution, nursing homes that have patients with NHAP should invariably be regarded individually for their potential to carry a risk for the MDR pathogens.
In conclusion, the high excess mortality in our population could not be attributed to a microbial pattern different from that of CAP (including an increased incidence of potential MDR pathogens) but is likely to be a result of comorbidity and management decisions as a result of pneumonia being regarded as a terminal event related to advanced age and poor functional status. The main challenges in the treatment of patients with NHAP include a careful assessment of individual risk factors for specific pathogens and a careful continuous estimation of prognosis and patients' preferences to set appropriate treatment aims initially and during the course of the disease.
